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ABSTRACT 
 
A methodology has been developed to integrate catchment modelling of the river and urban drainage 
systems, the interactions between both systems, and the analysis of the pressures and impacts. The 
methodology is applied to the Bradford catchment, a complex catchment in United Kingdom. The 
work presented focuses on water quantity; water quality will be covered in further study. To 
investigate the performance of this complex system a detailed full hydrodynamic model is built up 
using MIKE11 modelling system (DHI). The rainfall runoff processes are modelled using the 
methodology of the UK Flood Estimation Handbook (FEH) and NAM (DHI). These modelled 
results are used as an input source in the hydrodynamic model. The influence of the urban drainage 
system is taken into account through the Combined Sewage Overflow (CSO) network modelled by 
Hydroworks (HR Wallingford) that is considered as point sources in the hydrodynamic model.  It is 
demonstrated that this very steep, complex and urbanised catchment has major impacts on flooding 
downstream mainly because of a quick response time and hydraulic conditions of the river system. It 
also was found that the connection of a number of submodels necessary to simulate such a complex 
system leads to technical problems related to long computational time and high memory 
requirements. Therefore, a methodology developed to simplify/conceptualise the detailed models is 
needed. 
 
 
1. INTRODUCTION 
 
Flood risk management and the impact of climate changes have become an increasing area of 
concerned for researchers over the last decades. As with a number of cities around the world, 
Bradford city faces increasingly serious flooding problems. In 2003, the City of Bradford 
Metropolitan District Council set up an independent inquiry to investigate all aspects of flooding 
and its relevance within Bradford. In the mean time, the City Council has participated in an EU 
funded project called Urban Water Cycle (UWC) as part of the Interreg IIIb North Sea Programme. 
This project aims to improve the water bodies of the Bradford catchment by sustainable urban 
regeneration. In order to set realistic objectives, many approaches are required to give a full 
understanding of water flow, flood risk, and public amenity. In addition to the flooding problem, 
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there are environmental concerns primarily due to impacts of urban pollution in the river system. 
These mean that a holistic approach should be developed for watercourse management in Bradford. 
Watercourse management requires a holistic, catchment-wide view of human impacts on water 
resources. Hence, a modelling framework for integrated catchment management must allow all 
domains of the catchment to be modelled and must allow the linking of models together [HR 
Wallingford, 2002]. An integrated (holistic) model is, thus, essential to describe water state in 
temporal and spatial scale rather than based on measurements only. In fact, integrated water 
management is becoming recognised as an effective approach to dealing with the many interlinked 
issues surrounding the use of water in the natural and built environments. This is particularly true in 
Europe, where the recently introduced Water Framework Directive [EU, 2000] requires a holistic 
approach to water management. Implicit in this requirement is that managers should understand and be 
able to predict catchment behaviours.  
This paper presents the development of a methodology to integrate modelling of the river and 
urban drainage systems, the complex interactions between both systems, and the analysis of the 
pressures and impacts. The work presented focuses on water quantity; water quality will be covered 
in further study. The Bradford catchment is used as a case study. 
 
 
2. METHODOLOGY 
 
To model flow and water quality of watershed, all sources of water and pollution have to be 
considered and integrated, i.e. an assemblage of submodels corresponding to different components 
of the hydrologic cycle have to be integrated [Singh & Frevert, 2003; Willems, 2000]. 
There is no doubt that holistic models could have the potential to quantify the effects of 
alternative management strategies on the water state in the future, and give a basic for reasonable 
choice among scenarios. In these models, all input sources and their fate and transport in the 
environment are considered. Therefore, a number of submodels are required to be linked together, 
for instance, a hydrological module to describe precipitation, an urban drainage module to describe 
various influxes from domestic and industrial sources in sewer systems, a hydrodynamic module to 
model hydraulic performance of flows, and a water quality module to trace pollutant transfers. 
Linked models allow users to take an integrated view on impact of management scenarios and may 
allow problems that are difficult to address with individual models to be explored. Although such 
models vary from detailed physically based models to simplified conceptual/empirical models, they 
all are based on physical processes in nature. In general, these physical processes are much more 
complex than described in the models. Therefore, the models should be applied with cautiousness in 
terms of understanding and validation. 
A surface water model consists of different sub-models: hydrological models, hydrodynamic 
models and water quality models which are included sewer system overflow emissions, effluent 
discharges from treatment plants, untreated diffuse domestic discharges, agricultural pollution, 
industrial discharges, etc. as represented in Figure 1.  
For river modelling, detailed hydrodynamic models can be built up, for example, using 
modelling system MIKE 11 (DHI), Inforworks RS (HR Wallingford) and SOBEK (Delft 
Hydraulics). Those systems can also be applied to build up the detailed water quality models. In the 
same manner, there are modelling systems available for detailed flows in sewer systems, such as 
MOUSE (DHI) and Inforworks CS (HR Wallingford). Wherever the urban area is a major part of 
the study catchment, the urban drainage system is an important input of the catchment model. In 
order to handle the complex interactions caused by the increased influences of human activities on 
rivers, it is compulsory to couple the water quality model with models describing emission from 
sewer and drainage systems [Rauch et al., 1998b; Willems, 2000]. All outfalls and CSOs from the 
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sewer system which are discharged into the river system are taken into account as input sources. By 
this way, all pollution sources are considered in the river flow and water quality models. 
 
 
 
In theory, detailed models are reliable because they represent physical processes in a more 
complete and accurate way. However, most practical environmental systems represent a very 
complex structure which ultimately determines the dynamics of the complete system. Those models 
require modern computing power, and even though they are time consuming to get simulation 
results. For these reasons, in many cases the simplified/conceptual models are preferred, or at least, 
to be used in combination with other models. In addition, in some cases the detailed models 
uncertainty can considerably arise. For these systems, only the simplified models are considered 
appropriate. The advantages of the simplified model over the detailed model are (1) the computation 
effort associated with the solution of equations is greatly reduced, (2) statistically efficient 
algorithms for identification of model structure and parameter estimation can be readily utilised 
[IHP, 1982; Willems, 2000]. 
By working with those modelling systems, suggestions have been made that a linear transfer 
function model can be applied to simplify model [Willems, 2000]. The general linear transfer 
function model type can give a physical interpretation although it is often used as an empirical 
model. A reservoir model is able to describe the relationship between the upstream storage in the 
system and the discharge/concentration at a specific point in the system. By linking simplified 
models for all environmental systems, a holistic watershed model can be built as illustrated in Figure 
2, which can be used for long-term simulations, i.e. integrated modelling at a large scale. The 
detailed and simplified models can always be used in a complementary way. 
 
WWTP 
effluent 
Rainfall 
Temporal and Spatial 
Hydrological subcatchments Urban drainage 
Rainfall-runoff; agricultural source Rainfall-runoff; pollutant washoff
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Figure 1 Overview of different subsystems involved in catchment modelling. 
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 Figure 2 Integrated modelling: detailed models at small scale and 
conceptual models at large scale (after Willems, 2003).  
 
Both detailed and simplified models can be built for the catchment. The simplified river flow 
and water quality models can be derived from the detailed models. For the flow model, a linear 
reservoir model can be applied when required. For the water quality model, advection-dispersion 
and water quality process are described in each reservoir of the simplified flow models by the 
conceptual description called Continuous Stirred Tank Reactor [Young & Lee, 1993]. This has been 
demonstrated by Willems (2000), Lan-Anh (2001), and Radwan, (2002). 
When the system becomes more integrated and complex, the detailed model must be improved 
and expanded, and the possibility of describing more processes must be considered. It means that a 
holistic approach is undertaken and a reduction in complexity is applied. Limitations of 
deterministic/detailed models have been clearly revealed. They have limitation in time, system size, 
predictability and handling values. Moreover, the increase of the complexity is undesirable, 
especially with engineering practices [Geldof, 1999]. It should be noted that this reduction creates 
limitations of the deterministic/detailed model and cannot be ignored at certain moments. There is a 
dilemma that lies between reducing complexity and maintaining details in describing physical 
processes. Thus, for integrated catchment modelling, the most important thing is to obtain the 
balance between data availability, project objective and model structure. It means that the selection 
of model types for a certain project is of great importance. This is schematically represented in 
Figure 3. Theoretically, the more data are available the more details a model can describe. A 
question placed on this matter is that whether model uncertainty is linearly decreased with 
increasing of model detail or at a certain level of model detail, model uncertainty even gets worse. 
The degree of the complexity of a model has to be adjusted to the data availability for the model 
identification. For any fixed amount of data, there is an optimal model complexity that has to be 
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determined. An optimal model can be consider as a model which incorporates all the most important 
dynamic effects and is no more complicated in its structure than necessary.    
 
 
 
Figure 3 Model complexity - Balancing to obtain an
(after Willems, 2003). 
 
 
3. CASE STUDY – THE BRADFORD CATCHMENT 
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3.1 Overview of the Bradford catchment  
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 Figure 4 Planview of the Bradford Catchment and its subsystems involved in catchment modelling.
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focuses on water quantity only. A detailed full hydrodynamic model is built up using MIKE11 
(DHI). The model includes the most important hydraulic structures (27 culverts, 10 weirs and 14 
bridges) and the point/distributed sources feeding the river system, such as rainfall-runoff and 
overflow from the sewer system. The challenge for the hydrodynamic modelling is associated with 
the steep slope of the catchment, the supercritical flow conditions in the catchment and the 
interaction of the river and urban drainage systems. Two sets of data used for model calibration and 
validation are (1) one year data 06/2000 – 06/2001 (CEH) and (2) full four years 2000-2004 (EA).  
The rainfall runoff processes are modelled using the methodology of the UK Flood Estimation 
Handbook (FEH) and NAM (DHI). These lumped models are calibrated based on the recorded 
rainfall data. Model calibration for parameters is based on technique of separation flow as baseflow, 
interflow and overflow using numerical digital filter. The details of this filter can be found in studies 
by Nathan & MacMahon (1990), Chapman (1991) and Willems (2000). The baseflow filter result is 
shown in Figure 5 as an example. Model validation has been checked for hydrograph shape, 
hydrograph maxima and minima (high and low flow), water balance by cumulative volume, and 
extreme values distribution. Modelled results and statistical analyses are represented in Figure 6 and 
7. It has been shown that different models have given similar results which are acceptable in term of 
accuracy. The rainfall-runoff modelled results are used as an input source in the hydrodynamic 
model. 
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Figure 5 Separation of hydrograph for baseflow and calibration of its recession time. 
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3.3. Conclusion 
he work has shown that the methodology of integrated river catchment modelling can be well 
 this very steep, complex and urbanised 
catch
n carrying out for some simplified models in the Bradford catchment. 
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